The humoral responses to recombinant MPT-51 and GlcB was determined by using an enzyme-linked immunosorbent assay. Levels of immunoglobulin M (IgM) against MPT-51 and IgG against GlcB were higher among tuberculosis (TB) patients than among control individuals. When the MPT-51 and GlcB assays were combined, 90.8% specificity and 75.5% sensitivity were observed. MPT-51 and GlcB were recognized in the humoral responses of Brazilian TB patients. Downloaded from a TB patient diagnosis based on M. tuberculosis culture and smear positivity. b Controls groups include healthy individuals and leprosy patients. c -, combined cutoff.
Tuberculosis (TB), a disease caused by Mycobacterium tuberculosis, is responsible for 2 million deaths per year in the world. Thirty percent of the world population is infected by these bacilli and therefore is at risk of developing tuberculosis, and around 9 million new cases of TB are reported each year (29) . Some proteins from M. tuberculosis have been shown to be recognized by the immune systems of TB patients and can be correlated with proven human M. tuberculosis infection or disease (3) (4) (5) (9) (10) (11) (12) . Among those proteins, we selected MPT-51 (Rv3803c) and GlcB (Rv 1837c), which have previously been demonstrated to be recognized by the humoral immune response in active and subclinical tuberculosis (9, 10, 19) . The MPT-51 antigen is a protein of 27 kDa, encoded by the fbpC1 gene, with 40% homology to Ag85 complex components. It is a new family of noncatalytic ␣/␤-hydrolases, with the ability to bind fibronectin (26, 27) . GlcB is an M. tuberculosis malate synthase that takes part in the glyoxylate shunt and has been implicated as a virulence factor. The glyoxylate bypass is believed to be important for M. tuberculosis survival under adverse conditions, such as low oxygen, nonreplicative states, and the intracellular environment (14, 17) .
Regarding active TB, previous reports have demonstrated a humoral immune response for Indian TB human immunodeficiency virus (HIV)-positive patients against the MPT-51 and GlcB antigens; however, this was not observed for all studied individuals (2, 20, 21) . Whether these antigens can be recognized in a different setting by immune systems of patients infected with potentially diverse M. tuberculosis strains needs to be investigated. These observations prompted us to explore the humoral immune response against the MPT-51 and GlcB antigens in a Brazilian setting. Brazil is among the 22 countries that account for 80% of the world's TB burden. In 2005, Goiânia, in central Brazil, reported 211 new cases, corresponding to an incidence rate of 18/100,000 (8) . In this area of endemicity, we investigated the recognition of MPT-51 and GlcB by the humoral immune systems of HIV-negative TB patients.
Patients were recruited from the two reference public health care centers at the municipality of Goiânia. Based on the sensitivity of the gold standard test (bacillus culture), which varies from 30 to 80%, the sample size for the enzyme-linked immunosorbent assays (ELISAs) was calculated to allow detection with a sensitivity of 65% and a 95% confidence interval of 52 to 78%. Based on the incidence of new TB cases in Goiania, 49 patients with active pulmonary TB who were consecutively treated at the TB reference centers were enrolled in this study, corresponding to 23% of the new cases detected in 2005. For comparison purpose, two sex-and age-matched (Ϯ6 years) control groups were included, comprising 49 tuberculinskin-test-negative healthy individuals and 49 individuals with lepromatous leprosy (LL). The latter were selected based on the higher incidence of leprosy in the area (28) . The inclusion criteria for active pulmonary TB were clinical manifestations of tuberculosis with an acid-fast smear and positive culture. LL patients were included in this study based on their clinical symptoms. It excluded individuals who were under 18 years old, pregnant, had any chronic disease, or were immunosuppressed (including having HIV-positive status). This work was approved by the Regional Ethical Committee Board of the Federal University of Goiás. Five milliliters of blood were collected from each subject at the time of enrollment, and the serum was stored at Ϫ20°C and thawed only once at the time of the serology assays.
The purified recombinant antigens MPT-51 (rMPT-51) and GlcB (rGlcB), based on the M. tuberculosis genome sequence, were kindly provided by John Belisle from Colorado State University (NIH, contract NO1-AI-75320). Serology testing was performed using an ELISA with some modifications (15) . Briefly, microtiter plates were coated with the rMPT-51 or rGlcB antigen at 2.5 g/ml in 0.015 M carbonate buffer, pH 9.6. Blocking was done with buffered carbonate-bicarbonate (pH 9.6)-skim milk (1%), and serum samples were diluted to 1/1,000 in phosphate-buffered saline-Tween 20. Peroxidaselabeled anti-human immunoglobulin M (IgM) (1/15,000; IgMhorseradish peroxidase; ZYMED Laboratories) or anti-human IgG conjugate (1/15,000; IgG-horseradish peroxidase; Bio-Rad) was used. The substrate solution consisted of citrate phosphate buffer (pH 5.1), o-phenylenediamine (1 g/ml; Sigma), and hydrogen peroxide. Sulfuric acid (4 N) was used to stop the reaction, and the optical density (OD) was measured at 492 nm. The cutoff was determined by the receiver operating characteristic (ROC) curve, using a sensitivity of 76%. Student's t test was performed for continuous variables, and the chi-square test (or the Fisher test when applicable) was used for dichotomous variables. One-way analysis of variance was applied to compare the variation in ODs from different groups. Differences were considered significant at a P value of Ͻ0.05. A ROC curve was performed, and for the MPT-51 ELISA, IgM presented an area (A) of 0.814; for IgG, the A value was 0.628. The area under the curve for the GlcB ELISA was as follows: for IgM, A ϭ 0.636; for IgG, A ϭ 0.738. The analysis was performed using the SPSS version 11.0 and EpiInfo 6.04 software programs.
Characteristics of the 147 enrolled individuals are shown in Table 1 . The majority of the TB patients were male, with ages ranging from 20 to 74 years old. From a total of 49 TB patients, 3 presented pleural infection while 46 had pulmonary TB. Most of the TB patients (n ϭ 33) had been recently diagnosed, and their blood was collected before the onset of chemotherapy. The control groups, composed of healthy individuals and LL patients, were age and sex matched with the TB group. TB patients presented higher levels of IgM against rMPT-51 (mean OD Ϯ standard deviation [SD], 0.81 Ϯ 0.32) than healthy individuals (0.45 Ϯ 0.16) and LL patients (0.45 Ϯ 0.19) (P Ͻ 0.001). The MPT-51 IgM ELISA test showed a sensitivity of 77.6%, while the specificity was 76.5% (OD cutoff ϭ 0.560). No difference was observed when the TB group was compared to healthy individuals for IgG against MPT-51, and therefore, the scores obtained with the ROC curve were not used. Analysis of the humoral immune response to rGlcB revealed higher serum IgM levels for TB patients than for the control groups (OD Ϯ SD for the TB group ϭ 0.52 Ϯ 0.20; for healthy controls, OD ϭ 0.44 Ϯ 0.14; for the LL group, OD ϭ 0.43 Ϯ 0.14) (P Ͻ 0.05). The same pattern was observed when IgG levels against rGlcB were analyzed (OD Ϯ SD for the TB group ϭ 1.22 Ϯ 0.46; for healthy controls, OD ϭ 0.92 Ϯ 0.30; for the LL group, OD ϭ 0.79 Ϯ 0.39) (P Ͻ 0.001). After a ROC curve development, it was determined that the IgG-GlcB assay had a sensitivity of 75.5% with a specificity was 64.3%, given an OD cutoff of 0.876 ( Table 2 ). Using the cutoff established by the ROC curve, the combined sensitivity and specificity using the MPT-51 and GlcB antigens were superior, 75.5% and 90.8%, respectively. Because of the higher OD values for the control groups and a possible cross-reactivity with environmental mycobacteria, the serum samples were preabsorbed for 1 h at 37°C with Mycobacterium abscessus crude protein extract before the ELISA test was performed (data not shown) (24) .
Identification of M. tuberculosis proteins that induce anti- body production can help the development of new serumbased diagnostic tests, such as ELISA, which is widely employed (1, 6, 22) . However, several problems with specificity and sensitivity have been encountered, limiting its use in areas to which TB is endemic (7, 18, 23, 25) . Although the sensitivity of the ELISA for IgM against MPT-51 found in our study was only 77.6%, this was higher than those in other studies with similar population groups, despite the results reported by Steingart et al. (22) and Bethunaickan et al. (6) that combining Igs demonstrated a better performance with HIV-positive TB patients. Although a significant difference was observed when rGlcB was used to discriminate TB patient from other groups (healthy controls and LL group), the assays showed lower sensitivity than that obtained using MPT-51. Other studies evaluating the specific humoral response involving the GlcB antigen also showed higher levels of specific antibodies for TB patients than for healthy tuberculin-skin-test-positive and -negative individuals, although a higher sensitivity was observed in those studies (2, 20) . Some authors suggest the use of more than one antigen in the serum diagnostic assay to elevate the specificity and sensitivity of the reaction (16, 25) . Combining the results for use of IgM and IgG against MPT-51 and IgM and IgG against GlcB, the specificity of our results presented a substantial increase, changing from 64.3 to 76.5% to 90.8%. Our results suggest that rMPT-51 and GlcB should be better exploited in their role as candidates for a serological diagnostic assay.
Our study enrolled 23% of the new TB cases confirmed by sputum smear microscopy to be acid fast positive and M. tuberculosis culture positive in the year of the study in Goiânia (49 out of 211 new TB cases) (8) . Still, our work cannot assure that these results will be comparable when all clinical forms of TB are analyzed. To our knowledge, these results are the first to show that MPT-51 and GlcB are immunogenic in a Brazilian area to which TB is endemic. In conclusion, this work demonstrates that rMPT-51 and GlcB are recognized in immune responses of Brazilian TB patients and could be exploited as a component for a TB diagnosis test. This work was supported by the National Counsel of Technological and Scientific Development (CNPq).
